IN THE SOUTHERN Appalachian mountains, American beech, Fagus grandifolia Ehrhart, may occur in a rare forest community type known as a "beech gap" (Whittaker 1956, Southern Appalachian Man and the Biosphere 1996) . These areas are composed primarily of beech with boundaries sharply marked from surrounding forest types, usually consisting of spruce-Þr, Picea rubens Sargent-Abies fraseri (Pursh) Poiret, or eastern hemlock, Tsuga canadensis (L.) Carriere (Russell 1953) . American beech is ecologically important as a food source for many animals (Stupka 1963 , Halls 1977 , Beeman and Pelton 1978 and is one of the few mast-producing trees at high elevations in the Appalachian Mountains (Russell 1953 , Whittaker 1956 ).
First introduced into North America from Europe in the late 1890s, the disease complex known as beech bark disease (Ehrlich 1934) has spread from Nova Scotia southward through New England, Pennsylvania, Ohio, West Virginia, and the mid-Atlantic states, with its southern-most distribution extending into the Great Smoky Mountains National Park (Houston 1994) . The beech scale, Cryptococcus fagisuga Lindinger (Homoptera: Eriococcidae), is an exotic insect species and a major component of beech bark disease, which detrimentally impacts American beech (Ehrlich 1934, Houston and OÕBrien 1983) . The bark of beech is damaged when the Þrst-instar beech scale, or crawler, initiates feeding by inserting its stylet through the outer bark into the vascular tissue of the tree (Ehrlich 1934) . Wounds caused by feeding of the scale weaken the tree (Lonsdale 1980 ) and provide entry ways for two pathogenic fungi, Nectria galligena Bresadola and N. coccinea variety faginata Lohman, Watson & Ayers (Ehrlich 1934 , Lonsdale 1980 . The spread of the mycelia of Nectria spp. through the bark tissues can eventually result in tree death (Ehrlich 1934) .
Large outbreaks of beech bark disease have resulted in Ͼ50% mortality of beech in stands in the northeastern United States (Houston 1994) . High mortality of American beech is apparent in the unique beech gap communities found in the southern Appalachians, where beech may constitute as much as 98% of the basal area of a stand (Bratton 1975) . Thus, researchers and land managers, including ofÞcials in the National Forest Service and the National Park Service, are concerned about the potential of beech bark disease to severely impact southern Appalachian beech gaps. Because of the importance of C. fagisuga in the de-velopment of beech bark disease, effective biological control agents of beech scale could possibly slow the spread of beech bark disease.
Few natural enemies of beech scale are known. While no parasitoids of beech scale have been found in North America (Houston 1983 , Vance 1995 , a few predators, including the coccinellids Chilocorus stigma (Say) (twicestabbed lady beetle) and Clavia quatuordecimguttata variety similis Randall, have been observed to prey on beech scale (Houston 1983) . Several mite species, in the genera Anystis, Tydeus, Abrolophus, and Leptus, also have been observed to feed on beech scale in the New England area (Mayer and Allen 1983) . Anystis spp. were observed feeding on all stages of beech scale, especially the eggs and crawlers. As with lady beetles and other predators, these species of mite appear to be generalists and, at natural population levels, may not consistently reduce beech scale populations (Mayer and Allen 1983) .
In a related study conducted during 1994 and 1995 in the Great Smoky Mountains National Park, a predaceous red mite, tentatively identiÞed as Trombidium sp., was often observed to feed on the immobile stages of beech scale (Vance 1995) . This mite was found on Ϸ18.8% of the beech trees examined (n ϭ 452). Because little information was known about this mite, a 2-yr research project was initiated in 1996 to determine its seasonality and biology, as well as its predatory incidence on beech scale, on American beech in the Great Smoky Mountains National Park.
Materials and Methods
Between May and July 1996 and 1997, all beech trees diameter at breast height (dbh) Ͼ 3.5 cm (n ϭ 453) within each of 10 permanent plots (20 m 2 ), established in 1994 for monitoring beech scale and beech bark disease, were visually examined to determine incidence of mites and levels of beech scale infestation (Table 1 ) (see Vance 1995 and Wiggins 1997 for a complete description of permanent plots). A rating system was used to evaluate both the density and distribution of C. fagisuga on the surface of the bark.
The rating system was as follows: 0 -no beech scale present, 1 -low level and scattered distribution, 2 -low level and uniform distribution, 3 -moderate level and scattered distribution, 4 -moderate level and uniform distribution, 5 -high level and scattered distribution, and 6 -high level and uniform distribution (see Wiggins 1997 for a complete description of rating system). The levels of C. fagisuga were rated as "uniform" or "scattered" to better understand if their distribution on the tree affected mite incidence. The presence or absence of mites on each tree was recorded. All plots were monitored once to obtain a general idea of the occurrence of the mites throughout the study area.
To obtain more speciÞc information, such as seasonal incidence and density, predaceous mites were monitored throughout spring and summer 1996 on all beech trees at four plots: Deep Creek, Indian Gap, Chimney Tops, and Sweat Heifer (Table 1) . These plots were selected because mites were observed consistently when ratings of beech scale and Nectria spp. were taken in a related study during 1995 (Vance 1995) . On each sampling date, mites were counted on the surface of the bark of each beech tree (dbh Ͼ 3.5 cm) within the plots from ground level to 2 m. Populations were sampled Þve times at Sweat Heifer (14, 30 May, 19 June, 6 August, 1 September), four times at Chimney Tops (24 May, 4 June, 2, 19 August), and three times at both Deep Creek (23 May, 18 June, 6 August) and Indian Gap (17 June, 2, 20 August) during spring and summer 1996.
In 1997, the incidence of mites on individual trees was monitored at Indian Gap and Sweat Heifer (Table  1) due to the low number of mites at Deep Creek and Chimney Tops the previous year. Each plot was visited 13 times from spring to early fall 8 April, 2, 10, 20 June, 9, 18, 25 July, 8, 15, 28 August, 5, 12 September; 16, 23 May, 2, 10, 20 June, 11, 18, 25 July, 8, 15 August, 5, 12 September) . Each live beech tree (dbh Ͼ 3.5 cm) within selected plots was monitored. In addition to counting the total number of mites present on the surface of the tree from ground level to 2 m, individual mites were distinguished as adult or immature by size, adults ranging from Ϸ3Ð 4 mm long and immatures ranging from Ϸ1Ð2 mm long. Data analyses were performed using SAS (SAS Institute 1989). Correlation analysis was performed to test for associations between mite incidence and scale ratings, elevation, and aspect for data from all plots in 1996. Chi-square statistic was performed to test for associations between mite incidence, categorized elevation, and categorized aspect. Plot elevations were categorized as either above or below 1,500 m. Plot aspect was categorized as either north facing (between 271 and 90Њ) or south facing (between 91 and 270Њ). For data collected in 1997, correlation analysis was performed to test the inßuence of beech scale ratings on mite incidence for Sweat Heifer and Indian Gap. TukeyÕs studentized range test (P ϭ 0.05) was used to test signiÞcant differences among the mean number of mites at Sweat Heifer and Indian Gap within sampling dates (SAS Institute 1989).
Adult trombidiid mites are densely covered with setae, making identiÞcation difÞcult (Moss 1962) . Thus, larval mites allow the most accurate species identiÞcation (Moss 1962 , Krantz 1978 . To obtain the appropriate life stage, adults were collected from the Þeld and reared in the laboratory. On 2 June 1997, seven adult mites were collected from the vicinity of both Sweat Heifer and Indian Gap. Each adult mite was placed in a glass vial (2.5 dram) with a moistened section (2 cm 2 ) of paper towel placed at the bottom of the vial to prevent desiccation. Vials were observed daily for presence of egg masses. Upon observation of an egg mass (Ϸ200 eggs per each mass), the adult mite was removed and preserved in 70% denatured ethyl alcohol for comparison with larvae. Several (n ϭ 25) larvae from three egg masses (one from Sweat Heifer and two from Indian Gap) and corresponding adults were identiÞed and deposited in the Florida State Collection of Arthropods, State of Florida Department of Agriculture and Consumer Services, Division of Plant Industry, Gainesville, FL.
Results
Previous research dealing with predators of beech scale in the Great Smoky Mountians National Park tentatively identiÞed a red mite predaceous on beech scale as Trombidium sp. (Vance 1995) . However, no mites collected during 1997 belonged to this genus, and all of the larvae identiÞed were Allothrombium mitchelli Davis. Although mites from only Sweat Heifer and Indian Gap were reared for identiÞcation, mites observed at the remaining plots exhibited similar behaviors and appeared to be the same species.
Mites were found on beech trees in seven of 10 plots monitored during spring and summer of 1996. About 22.1% of all trees (n ϭ 453), averaged across all plots, were infested with mites (Table 1) . Percent of individual live beech observed to be infested with A. mitchelli ranged from 0% at Gregory Bald, Trillium Gap, and Deep Creek to 81% at Sweat Heifer (Table  1) .
Mite incidence was signiÞcantly ( 2 ϭ 101.33, P Ͻ 0.0001, n ϭ 453) inßuenced by categorized elevation (Table 1 ). The percent incidence of mites was greatest on trees located at elevations above 1,500 m as compared with elevations below 1,500 m, where none of the plots exceeded 10% of live trees observed with A. mitchelli. Of trees observed with mites, 91.1% occurred in plots above 1,500 m, and only 8.9% occurred below 1,500 m. Of the noninfested trees, 34.4% occurred in plots above 1,500 m, and 65.6% occurred below 1,500 m. Correlation analysis also showed a strong signiÞcant (0.4528, P Ͻ 0.0001) relationship between mite incidence and individual plot elevations.
Categorized aspect also signiÞcantly ( 2 ϭ 57.92, P Ͻ 0.0001, n ϭ 453) inßuenced mite incidence, with the greatest percent incidence of mites on trees in southward-facing plots. Of the trees on which mites were observed, 94.1% were in southward-facing plots and 5.9% were in northward-facing plots. No signiÞ-cant correlations were observed between mite incidence and individual plot aspects.
Of the four plots selected to closely observe mites in 1996, the greatest numbers of mites occurred at Sweat Heifer and Indian Gap. Only one mite was found on a single sampling date (24 May) at Chimney Tops, and no mites were observed at Deep Creek. Densities of mites at Sweat Heifer and Indian Gap varied widely among trees and on the same tree, with the highest density on single trees at Sweat Heifer reaching 45 on 1 September, and at Indian Gap reaching 22 on 20 August.
During 1997, percent of live trees infested with A. mitchelli at Sweat Heifer (n ϭ 29) was greatest on 28 August and at Indian Gap (n ϭ 49) on 25 July, when 78.6% and 34.7%, respectively, of the trees had mites (Fig. 1) . Percent incidence of mites on live trees was lower at Indian Gap than at Sweat Heifer on most sampling dates (Fig. 1) .
The mean number of mites per tree on each sampling date ranged from 0 on 9 July to 2.79 on 28 August at Sweat Heifer and from 0.02 on 8 April, 23 May, and 11 July to 1.02 on 25 July at Indian Gap (Fig. 1) . The mean number of mites per tree at Sweat Heifer on 15 and 28 August was signiÞcantly (P Ͻ 0.05) greater than those observed on nine of the remaining 11 sampling dates (Fig. 1) . The mean number of mites per tree at Indian Gap on 25 July was signiÞcantly (P Ͻ 0.05) greater than those on all other sampling dates (Fig. 1) .
A weak but signiÞcant correlation (-0.1341, P ϭ 0.0001) between overall scale ratings and mite incidence was documented. Most mites were found on trees with scale ratings Ͻ3, a moderate density and scattered distribution of scale on the bark surface. As beech scale ratings increased above 3, fewer mites were observed on these trees. In general, mite incidence was similar between scattered and uniform distributions of beech scale.
In 1997, deutonymphs were Þrst observed on trees at both locations in June and were found through 12 September (Fig. 2) . Large numbers of deutonymphs were observed during August (n ϭ 216) and September (n ϭ 65) at Sweat Heifer and during July (n ϭ 53) at Indian Gap, suggesting they are most active during mid and late summer (Fig. 2) . Adult A. mitchelli were observed at Sweat Heifer early in the year from 24 March to 20 June and again later in the summer from 8 August to 12 September (Fig. 2) . Adults were observed at Indian Gap from 8 April through 12 September (Fig. 2) . Adults and deutonymphs were observed feeding on beech scale.
Based on data collected during 1996 and 1997, the seasonality of life stages of A. mitchelli was estimated. Adults may lay eggs, probably in the soil or leaf litter (Moss 1960) , from late April through early August. Egg masses observed in the laboratory required from 20 to 22 d to hatch. Thus, eggs in the Þeld may hatch from late May through mid August, and larvae may be present until early September. Deutonymphs are active during the summer through September. Adults are active to varying degrees throughout the year.
Discussion
Allothrombium mitchelli was initially observed on Mt. Mitchell, NC, in 1959 as a predator of balsam wooly adelgid, Adelges piceae (Ratzeburg) (Homoptera: Adelgidae) (Davis 1961) . Other than its original description, which includes a few notes on biology, little is known of this species of Allothrombium.
The typical life cycle for Trombidiidae includes the following stadia: egg, prelarva, larva, protonymph, deutonymph, tritonymph, and adult (Krantz 1978) . During this study, a somewhat unique feature of A. mitchelli was documented for the Þrst time. The larvae are quiescent or inactive. While the larva is fully developed, it does not seek a host or feed but develops directly into the inactive protonymph and then the active deutonymph. As with other species of Allothrombium, A. mitchelli does not have an active tritonymph (Moss 1960 (Moss , 1962 . Therefore, the deutonymph is the only mobile immature stage of A. mitchelli.
These observations of A. mitchelli are the Þrst record of a species of Allothrombium feeding on beech scale and the Þrst record of A. mitchelli in the Great Smoky Mountains National Park and in Tennessee. A. mitchelli appears to have one generation per year; adults peaked in spring and late summer/early fall, while deutonymphs peaked in summer/early fall. Deutonymphs were not observed in the Þeld earlier than June possibly because the Þrst-instar larvae and protonymphs are inactive, and therefore, a lag time exists between hatching and mobility of the deutonymphs. A. mitchelli may overwinter as adults, because they were observed in early spring and late fall of the same year but less frequently observed during summer months. This species probably does not overwinter in the egg stage, as this life history strategy is uncommon in the Trombidiidae (Dindal 1990) . Also, adults of possibly the same species have been observed on beech along the Appalachian Trail near Sweat Heifer and Jenkins Knob in winter months (G.J.W., unpublished data).
Aspect was an important factor related to mite occurrence. Mites were observed on a greater number of trees in predominantly south-facing slopes, which receive a greater level of sunlight throughout the day than north-facing slopes. This increased level of sunlight affects plot temperature and may potentially increase temperatures to levels necessary for mites to become active. Also, plot temperatures on south-facing slopes may stay higher for longer periods of time, allowing more time for mites to forage. Because both Sweat Heifer and Indian Gap face south, aspect was probably not a factor contributing to differences in mite numbers between these plots.
Canopy coverage may have also affected mite populations. For example, the canopy at Indian Gap was greatly reduced from storm damage during the winter between 1996 and 1997 samples, while the canopy at Sweat Heifer was not damaged, providing full canopy coverage. Also, at Deep Creek, Chimney Tops, and Fork Ridge, three sites where Ͻ10% of the trees were infested with A. mitchelli, the canopy is in a constant state of decline due to beech tree mortality directly associated with beech bark disease. The lower numbers of mites at these sites may have partially resulted from less canopy shelter. The understory at Sweat Heifer should be more sheltered from direct sunlight, wind, and other factors that may inßuence mite dessication or predation by other arthropods.
While A. mitchelli does feed on beech scale, its effectiveness as a biological control agent against beech scale is difÞcult to determine. Many members of the genus Allothrombium are generalist predators. A. lerouxi Moss has been observed to feed on aphids, ants, caterpillars, and spiders (Moss 1960) . A. pulvinum Ewing is reported to prefer aphids but has also been documented to feed on small coleopterous larvae, adult chironomids, small spiders, and plant lice (Moss 1960) . A. mitchelli may feed on beech scale primarily because of the high density of scale present. Even though A. mitchelli was not observed feeding on other insects during this project, few other insects that could be considered prey for A. mitchelli were observed. Because this mite was initially observed feeding on Adelges piceae, another soft-bodied Homopteran occurring in large numbers, A. mitchelli may be a general opportunistic predator, feeding on prey in proportion to their abundance in the habitat.
Numbers of A. mitchelli varied greatly among sampling dates at both Sweat Heifer and Indian Gap in 1997. Moss density on the surface of trees may have been a factor contributing to this variation. Many beech trees, especially at Sweat Heifer, were densely covered with moss. This mite uses the moss as shelter and may forage for scale, or possibly aphids, primarily underneath its cover.
Despite its generalist behavior, A. mitchelli may be a more effective biological control agent against beech scale than some previously studied insects, particularly coccinellids. Many lady beetles are generalist predators of soft-bodied insects but prefer aphids as prey. Frequent dispersal of newly emerged adults might also limit the value of C. stigma as a biological control (Houston 1983) . Adults of C. stigma, while observed to feed on all stages of beech scale (Mayer and Allen 1983) , may also vector Nectria spp. from tree to tree in their search for prey (Shigo 1964, Mayer and Allen 1983) . Also, while C. quatuordecimguttata variety similis, which closely resembles C. stigma, has been reported to feed on beech scale in New York and Pennsylvania, observations were infrequent (Mayer and Allen 1983) .
Because A. mitchelli is apterous and phoresy on other arthropods has not been observed, its ability to disperse is limited compared with lady beetles. Because the mite is less likely to disperse to other trees, it is also less likely to vector fungal pathogens, such as Nectria spp., to new noninfected trees. By remaining on the tree for longer periods of time, it is more likely that A. mitchelli may feed on beech scale more frequently because it has increased opportunity for contact with the scale. In addition, the initial observation of A. mitchelli on the highest mountain in the Appalachian range (Davis 1961) , in conjunction with the strong correlation observed in this study between mite incidence and elevation, suggests A. mitchelli may be better adapted to higher elevations. The development and implementation of management strategies for beech scale and beech bark disease are crucial to maintain healthy stands of American beech. In areas where C. fagisuga and beech bark disease have become well established, stands of American beech have never fully recovered. Upon nearing maturity, most beech in an infested/infected stand eventually succumb to feeding damage caused by beech scale, are infected by Nectria spp., and subsequently die (Houston 1994) . The structure of forest types where beech occur are permanently changed by having a once-dominant tree species removed from the canopy (Twery and Patterson 1984) . The presence of a newly discovered predator feeding on beech scale has important implications for maintaining forest health, because it has, at the least, the potential to impact beech scale by reducing their populations.
Because most observations of A. mitchelli were conducted in a forest setting, many environmental factors may have affected their abundance, population growth, activity, and behavior. To better assess the relationship between A. mitchelli and beech scale, further research should be conducted in the laboratory where many of these variables can be eliminated or controlled. Research on prey preference, consumption rates, and predatory responses is required to more completely characterize the ecological relationship between beech scale and A. mitchelli. This information would more fully deÞne the role of this mite in regulating beech scale and is essential before A. mitchelli can be used as a biological control agent against beech scale.
